
1337

Journals of Gerontology: BIOLOGICAL SCIENCES
Cite journal as: J Gerontol A Biol Sci Med Sci. 2013 November;68(11):1337�1341
doi:10.1093/gerona/glt094

Advance Access publication July 5, 2013

© The Author 2013. Published by Oxford University Press on behalf of The Gerontological Society of America.
This is an Open Access article distributed under the terms of the Creative Commons Attribution  

Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/), which permits non-commercial  
re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For  

commercial re-use, please contact journals.permissions@oup.com

Brief Report

Bene�ts of Physical Exercise on the Aging Brain: The 
Role of the Prefrontal Cortex

Marika Berchicci,1 Giuliana�Lucci,2 and Francesco�Di Russo1,2

1Department of Human Movement, Social and Health Sciences, University of Rome �Foro Italico,� 00135 Rome, Italy.
2Neuropsychological Unit, Santa Lucia Foundation IRCCS, 00144 Rome, Italy.

Address correspondence to Marika Berchicci, PhD, Department of Human Movement, Social and Health Sciences, University of Rome �Foro Italico,� 
Piazza Lauro de Bosis 15, 00135 Rome, Italy. Email: m.berchicci@gmail.com

Motor planning in older adults likely relies on the overengagement of the prefrontal cortex (PFC) and is associated 
with slowness of movement and responses. Does a physically active lifestyle counteract the overrecruitment of the PFC 
during action preparation? This study used high-resolution electroencephalography to measure the effect of physical 
exercise on the executive functions of the PFC preceding a visuomotor discriminative task. A�total of 130 participants 
aged 15�86 were divided into two groups based on physical exercise participation. The response times and accuracy 
and the premotor activity of the PFC were separately correlated with age for the two groups. The data were �rst �t with 
a linear function and then a higher order polynomial function. We observed that after 35�40�years of age, physically 
active individuals have faster response times than their less active peers and showed no signs of PFC hyperactivity dur-
ing motor planning. The present �ndings show that physical exercise could speed up the response of older people and 
reveal that also in middle-aged people, moderate-to-high levels of physical exercise bene�ts the planning/execution of 
a response and the executive functions mediated by the PFC, counteracting the neural overactivity often observed in the 
elderly adults.
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The literature on aging suggests that widespread mor-
phological and physiological alterations occur in the 

brain, particularly in the prefrontal cortex (PFC). These 
alterations re�ect an age-related decline in executive pro-
cesses and sensorimotor functions (1). Recently, by meas-
uring response-locked event-related potentials during 
visuomotor tasks, we observed an age-related overrecruit-
ment of the PFC during the motor preparation stage (2). 
This increase in frontal lobe activation is a reliable �nd-
ing in studies examining task-related brain activity (3). It 
has been proposed that PFC hyperactivity likely re�ects 
increased reliance on cognitive control mechanisms, which, 
in turn, leads to both a slowing of information processing 
speed and a reduction of online cognitive resources availa-
ble to process, store, and retrieve information (4). Two main 
hypotheses have been put forward to account for the neural 
overactivity often observed in the elderly adults: the com-
pensation hypothesis, which suggests that the recruitment of 
additional brain areas or the overactivation of the involved 
regions compensates for various neural/behavioral de�cits, 
and the dedifferentiation hypothesis, which posits that neu-
ral representations become less distinctive with age and that 
overactivation re�ects the loss of neural specialization (5). 

The older brain acts differently from the brain of younger 
adults. Although their performance is comparable over a 
wide range of cognitive domains, a delay in motor response 
time (RT) represents one hallmark of the changes in senso-
rimotor functions. Aging-related structural and functional 
changes may be modi�ed and mitigated by physical exer-
cise programs, which are also associated with improvement 
of mental, social, and physical health (6). Although studies 
have shown that many aspects of age-related physical and 
cognitive decline are positively affected by physical exer-
cise (7), few data indicate at which stage of brain processing 
the cognitive functions are altered by exercise (8).

An important goal is to evaluate the effects of physical 
activity on PFC processing, which contributes to motor 
planning and processing speed, but has been neglected in 
the electrophysiological literature. We hypothesized that 
physically active individuals would show reduced age-
related prefrontal recruitment during motor planning and 
faster RTs than less active controls.

Using high-resolution EEG recording and movement-
related cortical potentials (MRCPs) analysis, we examined 
the age-related PFC activity of 130 participants (15�86�years 
old) during a discriminative response task. To the best of 
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(adjusted R2 = .835; slope = 0.245) and PEP (adjusted  
R2 = .846; slope = 0.253) groups, indicating that anticipation 
in the PFC_PL corresponded with slow RTs (Figure�2B).

Figure�3A shows MRCP waveforms over the medial pre-
frontal areas in the N-PEP and PEP groups divided into two 
age cohorts (n = 25): younger (mean age: 25� years) and 
older (mean age: 65�years). Activity started earlier and was 
larger in the N-PEP than in the PEP group. The minimum 
norm estimation (Supplementary Materials) of the cerebral 
sources that generate prefrontal activity at its peak latency 
were consistently bilaterally localized within the PFC in the 
frontal pole (Figure�3B) and showed an increasing gradient 
of intensity from the younger PEP (the lowest) to the older 
N-PEP (the highest) participants. This localization agrees 
well with previous studies that used the same paradigm but 
a different source localization method (2).

Discussion
The issue of population aging will be a challenge in the 

coming decades in both advanced and developing countries. 

Although the clinical literature has recognized for years that 
exercise affects overall health and brain function (13), less 
is known about the bene�ts of physical exercise on execu-
tive functions mediated by the PFC across the adult life 
span. We extended previous investigations by studying a 
population with a greater age range (15�86�years). Using 
high-resolution 64-channel EEG, we showed novel results 
concerning the timing of PFC activity during motor plan-
ning, its modulation by physical activity and its relation-
ship with behavioral parameters. Physical activity did not 
affect PFC activity during young adulthood, but its effect 
was evident in participants older than 38�years of age: active 
individuals engaged the PFC less and were faster than less 
active individuals. We did not observe signi�cant differ-
ences in the executive processes of the young participants 
between the two groups. This suggests that compared with 
middle-aged and older participants, the young participants 
were easily able to accomplish the task, showing decreased 
effortful task preparation, especially in the PFC. The ben-
e�cial effects of physical exercise on cognitive functions in 

Figure�1.  (A) Motor response time increases as a function of age. Signi�cant 
differences between groups are shown by the gray area behind the plots. (B) 
Lack of correlation between response accuracy (expressed as percentage of the 
false alarms) and age.

Figure� 2.  (A) Correlation between age and premotor activity in the pre-
frontal cortex (PFC). Signi�cant differences between groups are shown by the 
gray area. (B) Linear correlation between motor response time and premotor 
activity in the PFC.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/68/11/1337/625093 by U
niversità di C

hieti user on 17 Septem
ber 2021

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt094/-/DC1


1340	 BERCHICCI ET AL.

young people were not detected during the performance of 
the present task, but they cannot be excluded.

We observed that physical exercise is particularly impor-
tant from middle age onwards, when the brain faces a series 
of challenges that can include neurodegenerative diseases. 
We extended previous fMRI �ndings, which revealed 
lower activation of the PFC in older adults during execu-
tive control tasks following an exercise intervention (14). 
The present �ndings reveal that in middle-aged and older 
individuals, moderate-to-high levels of physical exercise 
has bene�cial effects on the planning and execution of a 
response, as well as on the executive functions mediated 
by the PFC; thus, public policy should focus on ways of 
increasing volitional activity in adults, starting from mid-
dle age.

There are accumulating animal and human studies 
explaining the metabolic and molecular changes induced 
by physical exercise that promote cognitive health in older 
people. Physical exercise has been shown to promote angio-
genesis (15,16), neurogenesis (17) (see also the neurogenic 
reserve hypothesis) (18), and synaptogenesis (19) and to 
modulate central and peripheral levels of key neurochemi-
cals, such as insulin like growth factor 1 and brain-derived 
neurotrophic factor (20). Physical exercise also induces 
structural and functional changes across different brain 

regions, as revealed by neuroimaging �ndings in response 
to speci�c physical exercise interventions (21�23). This 
study reports the �rst evidence of changes in the electro-
physiology of the PFC induced by physical exercise.

Further studies combining different techniques and 
behavioral measures would contribute to improving our 
understanding of the mechanisms underpinning cortical 
overrecruitment in older adults and how it might be 
mitigated. Furthermore, further studies should identify 
methods to choose the most appropriate tools to investigate 
the aging brain and to propose individually tailored 
interventions using a combination of physical and cognitive 
programs for successful�aging.

A critical issue of this study is its correlational nature and 
the lack of a programmed intervention. Future work should 
seek to replicate the present �ndings with controlled longi-
tudinal intervention programs.

In summary, these �ndings are of great importance to 
researchers in different related �elds for fully understand-
ing the aging process and developing effective multidisci-
plinary therapeutic and prevention strategies to counteract 
brain diseases.

S������������ M�������
Supplementary material can be found at: http://biomedgerontology.

oxfordjournals.org/.

Figure�3.  (A) MRCP waveforms over the medial prefrontal cortex (PFC; recorded on AFz) across the four cohorts. Premotor activity shows a gently rising 
negativity peaking around the stimulus onset. Time zero represents the response onset. (B) Source localization of the aforementioned activity using MNE rendered 
on a realistic template of the brain (frontal point of view) at PFC_PL. The activation foci were within the mid-dorsal PFC in the middle-frontal gyrus (BAs 9�10).

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/68/11/1337/625093 by U
niversità di C

hieti user on 17 Septem
ber 2021

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt094/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt094/-/DC1


	 BENEFITS OF PHYSICAL EXERCISE ON AGING BRAIN	 1341

F������
This work was supported by the University of Foro Italico 

(RIC115/2012).

R������
��
	 1.	 Heuninckx S, Wenderoth N, Swinnen SP. Systems neuroplasticity in 

the aging brain: recruiting additional neural resources for successful 
motor performance in elderly persons. J Neurosci. 2008;28:91�99.

	 2.	 Berchicci M, Lucci G, Pesce C, Spinelli D, Di Russo F. Prefrontal 
hyperactivity in older people during motor planning. Neuroimage. 
2012;62:1750�1760.

	 3.	 Hedden T, Gabrieli JD. Insights into the ageing mind: a view from 
cognitive neuroscience. Nat Rev Neurosci. 2004;5:87�96.

	 4.	 Seidler RD, Bernard JA, Burutolu TB, et�al. Motor control and aging: 
links to age-related brain structural, functional, and biochemical 
effects. Neurosci Biobehav Rev. 2010;34:721�733.

	 5.	 Park DC, Reuter-Lorenz P. The adaptive brain: aging and neurocogni-
tive scaffolding. Annu Rev Psychol. 2009;60:173�196.

	 6.	 Di Pietro L. Physical activity in aging: changes in patterns and 
their relationship to health and function. J Geront: SERIES A 
2001;56A:13�22.

	 7.	 Kramer AF, Erickson KI, Colcombe SJ. Exercise, cognition, and the 
aging brain. J Appl Physiol. 2006;101:1237�1242.

	 8.	 Hillman CH, Belopolsky AV, Snook EM, Kramer AF, McAuley E. 
Physical activity and executive control: implications for increased cogni-
tive health during older adulthood. Res Q Exerc Sport. 2004;75:176�185.

	 9.	 Thompson PD, Buchner D, Pina IL, et� al. Exercise and physical 
activity in the prevention and treatment of atherosclerotic cardiovas-
cular disease: a statement from the Council on Clinical Cardiology 
(Subcommittee on Exercise, Rehabilitation, and Prevention) and the 
Council on Nutrition, Physical Activity, and Metabolism (Subcommittee 
on Physical Activity). Circulation. 2003;107:3109�3116.

	10.	 Old�eld RC. The assessment and analysis of handedness: the 
Edinburgh inventory. Neuropsychologia 1971;104:199�206.

	11.	 Folstein MF, Folstein SE, McHugh PR. �Mini-mental state�. A�practi-
cal method for grading the cognitive state of patients for the clinician. 
J Psychiatr Res. 1975;12:189�198.

	12.	 Zimmermann P, Fimm B. Testbatterie zur Aufmerksamkeitsprüfung 
(TAP). Würselen: Psytest; 1992.

	13.	 Kraft E. Cognitive function, physical activity, and aging: possible 
biological links and implications for multimodal interventions. 
Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 2012;19: 
248�263.

	14.	 Dietrich A. Transient hypofrontality as a mechanism for the psycho-
logical effects of exercise. Psychiatry Res. 2006;145:79�83.

	15.	 Murugesan N, Demarest TG, Madri JA, Pachter JS. Brain regional 
angiogenic potential at the neurovascular unit during normal aging. 
Neurobiol Aging. 2012;33:1004.e1�1004.16.

	16.	 Kramer AF, Erickson KI. Capitalizing on cortical plasticity: in�uence 
of physical activity on cognition and brain function. Trends Cogn Sci. 
2007;11:342�348.

	17.	 van Praag H, Kempermann G, Gage FH. Running increases cell pro-
liferation and neurogenesis in the adult mouse dentate gyrus. Nat 
Neurosci. 1999;2:266�270.

	18.	 Kempermann G. The neurogenic reserve hypothesis: what is 
adult hippocampal neurogenesis good for? Trends Neurosci. 
2008;31:163�169.

	19.	 Hu S, Ying Z, Gomez-Pinilla F, Frautschy SA. Exercise can increase 
small heat shock proteins (sHSP) and pre- and post-synaptic proteins 
in the hippocampus. Brain Res. 2009;1249:191�201.

	20.	 Coelho FG, Gobbi S, Andreatto CA, Corazza DI, Pedroso RV, 
Santos-Galduróz RF. Physical exercise modulates peripheral levels 
of brain-derived neurotrophic factor (BDNF): a systematic review 
of experimental studies in the elderly. Arch Gerontol Geriatr. 
2013;56:10�15.

	21.	 Voelcker-Rehage C, Godde B, Staudinger UM. Cardiovascular and 
coordination training differentially improve cognitive performance 
and neural processing in older adults. Front Hum Neurosci. 2011;5:26.

	22.	 Colcombe SJ, Erickson KI, Scalf PE, et�al. Aerobic exercise training 
increases brain volume in aging humans. J Gerontol A�Biol Sci Med 
Sci. 2006;61:1166�1170.

	23.	 Erickson KI, Voss MW, Prakash RS, et�al. Exercise training increases 
size of hippocampus and improves memory. Proc Natl Acad Sci U S 
A. 2011;108:3017�3022.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/68/11/1337/625093 by U
niversità di C

hieti user on 17 Septem
ber 2021


